Bronchopulmonary dysplasia (BPD), also known as chronic lung disease of prematurity, is the major cause of pulmonary disease in infants. 
INTRODUCTION

The Origins of Bronchopulmonary Dysplasia
Bronchopulmonary dysplasia (BPD), also known as chronic lung disease of prematurity, is the most common pulmonary complication of very preterm birth [1] [2] [3] . The likelihood of developing BPD is directly associated with preterm infants with a very low-birth-weight (VLBW), defined as infants born weighing < 1500 g, and extremely low-birth-weight (ELBW), defined as infants born weighing < 1000 g, who were changes, clinical presentation, and nomenclature (i.e., from "old" BPD to "new" BPD) [5] [6] [7] . This paper reviews outpatient management of some of the most common medical issues associated with BPD. These include promoting optimal growth and nutrition, gastroesophageal reflux and constipation, current immunization practices, prevention of viral respiratory infections, neurodevelopment, and management of chronic lung disease, including home oxygen therapy. [7, 8] . Whereas the main features of "old" BPD include profound inflammation, nonhomogeneous airway, and parenchymal disease, "new"
BPD is characterized by decreased alveolar development and milder pathologic changes (Table 2 ) [8] .
Risk Factors for Bronchopulmonary
Dysplasia
Numerous factors have been associated with an increased risk for the development of BPD in susceptible neonates. With rare exceptions, BPD is preceded by the use of mechanical ventilation early in life [7] . Although VLBW/ELBW infants may not initially require ventilator assistance, it is often instituted because their extremely premature lung function and overly compliant chest wall usually results in CO 2 retention, for future research [7] . In contrast to earlier definitions that lacked specificity, a new, more tailored definition of BPD was proposed that incorporated disease severity rankings assessed at identified time points in infants less than or greater than 32 weeks gestational age who required oxygen treatment for at least 28 days (Table 1 ) [7] . Excluded from the "new" definition were references to chest radiograph findings due to their subjective nature of interpretation and frequent lack of availability. Also excluded from the new diagnostic criteria were mentions of the clinical features of disease (e.g., tachypnea, retractions, and rales) as they are considered common to the overall description of BPD [7] .
The epidemiology of BPD has changed considerably over the past four decades as the availability of surfactants, administration of antenatal corticosteroids, and improved ventilation techniques have reduced the incidence of severe lung injury in the more mature and heavier birth-weight neonate cohort [1, 7, 8] . The human lung undergoes maturation during five stages, each of which has distinct growth milestones at specific gestational periods [9] . The latter two stages extend from 26-28 to 32-36 weeks gestation [7, [12] [13] [14] [15] .
Incidence of Bronchopulmonary Dysplasia
The reported incidence of BPD has varied from one study to another, most likely as a result of differences in clinical definitions [16] , demographics of patient populations, and management strategies used across studies [17] .
These differences aside, the incidence of BPD is established to be inversely proportional to birth weight and gestational age [17] . 
DISCHARGE PLANNING
Although survival rates for VLBW/ELBW children have significantly increased since BPD was first described, many of these infants face future problems with respect to neurodevelopmental outcomes and growth impairment [20] . In addition to higher rates of morbidity than fullterm infants, VLBW/ELBW preterm infants experience an increased incidence of hospital readmission, especially during the first 2 years of life, which is more than twice that reported for preterm children without BPD [21] [22] [23] [24] [25] . These children also have greater need for outpatient services in early childhood [26] . These issues are (Table 3 ) [27] [28] [29] [30] [31] . Before discharge, it is essential [32, 33] , but related problems may persist for a longer period [34] . The infant should be examined for retinopathy of prematurity (ROP), undergo a hearing evaluation and metabolic screen review, and be given appropriate immunizations.
Physiologic competencies should be assessed on an individual basis as they are influenced by birth weight, gestational age, and medical course. Consequently, predicting the time to hospital discharge for extremely preterm infants is difficult [35] and responsibility for the final decision regarding discharge rests with the attending physician [27] .
It is essential that appropriate caregivers are identified and properly trained in issues relevant to care of the infant (Table 3 ) well in advance of neonatal intensive care unit (NICU) discharge.
The caregivers must be aware that the infant will have special needs beyond those of term infants and should be able to recognize signs and symptoms of respiratory distress, poor feeding habits, and other relevant health problems before bringing these infants home. A balance needs to be achieved so that caregivers do not become overprotective to the point that they consider their child to be excessively vulnerable and limit their activities to explore and play with other children in an interactive environment that promotes normal psychosocial development [1] . Caring for a VLBW/ELBW infant with BPD presents unique challenges that can increase stress levels and promote anxiety and/or depression in those with poor coping skills [36, 37] . Appropriate family support systems should be identified and behavioral interventions implemented to mitigate any psychologic problems that arise [38] .
After discharge, it is important that a multidisciplinary team, consisting of the neonatologist/attending physician, primary physician, and other specialized support staff, work in concert and meet regularly to provide a continuum of care and accurate patient assessments. The first follow-up visit should ideally be scheduled within 1-2 weeks after discharge with subsequent visits guided by the clinical status of the infant [28] . Activities and assessments to be monitored at prescheduled dates are included in Table 3 .
Related Medical Problems
BPD is a disease that affects many major organ systems, including the heart, lungs, central nervous system, gastrointestinal tract, and kidneys. Infants and young children with BPD are at increased risk of rehospitalization and numerous complications during home management (Table 4 ) [1, 30] . The risk of poor outcomes, including death, in VLBW/ELBW infants is greatest for those with severe BPD, brain injury, and severe ROP [39] . The incidence of medically related problems is usually greatest during the first 2 years after discharge but can persist beyond very early childhood [40] .
Results from early studies on the long-term effects of "old" BPD on pulmonary function suggested that infants with severe BPD could remain symptomatic and exhibit evidence of airway obstruction as adults [41] . Initial results from more recent studies in children with "new" BPD appear to be somewhat similar to previous findings and indicate that these children have a continuum of poor respiratory health that extends out to at least 8 years of age [42, 43] .
However, longer-term pulmonary effects of 
OUTPATIENT MANAGEMENT
Growth and Nutrition
Failure to thrive is common among infants with BPD [17, 31] due to increased rates of energy expenditure, and increased nutrient and caloric requirements. Oral aversion, feeding intolerance, and/or gastroesophageal reflux all Currently available specialized premature formulas 
Gastroesophageal Reflux and Constipation
Reflux is a common disorder in the VLBW/ ELBW infant with BPD [61] . 
Immunization
The American Academy of Pediatrics notes that most preterm infants, including those with BPD, produce sufficient disease-preventable immunologic responses and are not at significantly increased risk for adverse events following full-dose vaccine administration [62] .
Preterm infants should, therefore, receive the standard childhood vaccines consistent with their chronologic age. As all preterm infants are at increased risk for complications due to influenza, they should be administered influenza vaccine beginning at 6 months of age and according to recommendations and dosing schedules established by the Advisory
Committee on Immunization Practices [63] . It is also recommended that all members of the household > 6 months of age be vaccinated against influenza [63] .
Viral Respiratory Illness
In the USA, bronchiolitis secondary to RSV infection is the leading cause of hospitalization due to serious lower respiratory tract disease in infants and young children [64] . lower respiratory tract RSV illness is available for specified high-risk populations [66] .
Medications
The treatment of BPD can be categorized into three distinct stages that include prevention However, overall reduced respiratory reserve may persist in a latent fashion and increase the risk of a chronic obstructive pulmonary disease-like illness later in life [2] .
Home Oxygen Therapy
The goal of successful home oxygen therapy is to promote growth and repair of the developing lung, improve exercise tolerance, optimize cognitive development, and reduce the risk for pulmonary hypertension [1] . An added benefit of oxygen therapy may also be promotion of weight gain [72] . These positive effects are due to the ability of oxygen to reduce pulmonary artery pressure, acutely reverse functional hypoxic vasoconstriction, and decrease metabolism [1, 73] . healthcare team are essential [75] . Weaning from oxygen therapy is a slow process that involves close management to avoid potential complications, and should only be attempted after the infant is clinically stable and shows signs of adequate weight gain [29] . One such weaning program is described in [79] . In contrast, socioeconomic status does not appear to Table 5 Monitoring of home oxygen therapy for BPD [1, 17, 29] Monitor for signs of hypoxia (e.g., cyanosis, lethargy, tachycardia, and irritability), poor weight gain, intercurrent illness
When possible, oxygen saturations should be evaluated while awake and asleep and during feedings
Wean slowly over several months and do not wean during intercurrent illness, as this is a time when oxygen requirements may increase
• Wean by small, incremental reductions in oxygen flow rates such as progressive halving of flow rates (e.g., from 0.5-0.25 to 0.125-0.0625 L/min)
• Weaning should begin during daytime hours when the infant is awake and alert, for a period of 1-2 hours. High saturation targets > 97% are indicative of oxygen saturation, > 92% while asleep
• Observe infant for 2-4 weeks before next oxygen decrease
• Night-time weaning should begin after a minimum of 1 month of no daytime oxygen
Consider continuation or reinstatement of night-time oxygen if inadequate weight gain or new signs of hypoxia are evident BPD bronchopulmonary dysplasia affect motor outcome positively or negatively [79] .
These findings underscore the need for early diagnosis and intervention, and investigation into the potential role of BPD in higher rates of learning disabilities in VLBW/ELBW infants that may extend into the early school age period and beyond.
CONCLUSION
The 
